ABSTRACT. East Polynesia was the geographic terminus of prehistoric human expansion across the globe and the southern Cook Islands, the first archipelago west of Samoa, a gateway to this region. Fourteen new radiocarbon dates from one of the oldest human settlements in this archipelago, the Ureia site (AIT-10) on Aitutaki Island, now indicate occupation from cal AD 1225-1430 (1 σ), nearly 300 yr later than previously suggested. Although now among the most securely dated central East Polynesian sites, the new age estimate for Ureia places it outside the settlement period of either the long or short chronology models. The new dates have, however, led to a comfortable fit with the Ureia biological evidence, which suggests not a virgin landscape, but a highly a modified fauna and flora. The results also provide the first systematic demonstration of inbuilt age in tropical Pacific trees, a finding that may explain widely divergent 14 C results from several early East Polynesian sites and has implications for the dating of both island colonization and subsequent intra-island dispersals.
INTRODUCTION
Encompassing 22 million km 2 of open sea, East Polynesia is a vast region stretching north-south from Hawaii to New Zealand, and west-east from the southern Cook Islands to Rapa Nui; it was the last major region of the world to be permanently settled by human populations. The ancestors of modern East Polynesians managed to find nearly every habitable island; some islands were colonized and then abandoned, others permanently settled (see Kirch 2000) . In the process, hundreds of native species went extinct or were extirpated (e.g. Steadman 2006) , and entire habitats lost (e.g. Athens 1997 ). Over time, more than 14 distinct languages developed (R Clark, personal communication, 2006) , along with diverse art forms, innovative architecture, and novel material culture. At European contact, vibrant populations with a diversity of complex social, political, and economic systems occupied most land masses of consequence. The time frame of these important cultural processes pivots on when the region was colonized, while identification of their tempo depends on chronometric resolution.
While this grand migration process ended around AD 1300 in New Zealand's Subantarctic Islands (Irwin 1992; Anderson 2005) , when it began is uncertain. Those favoring a recent human entry into the region (i.e. a short chronology) rely on direct archaeological evidence (e.g. Spriggs and Anderson 1993; Anderson and Sinoto 2002) , while long chronologists accept varied proxies as indicators of human activities, including palynological and sedimentological evidence of marked and sustained disturbance (e.g. Flenley 1993; Kirch and Ellison 1994; Athens 1997) . The divide, however, is over more than just the kind of evidence that is considered admissible. Underpinning the short chronology perspective is the idea that early settlers moved rapidly through the region, reaching its furthest outposts so quickly that the process appears to have been nearly instantaneous within the resolution possible by radiocarbon dating, comparable to colonization of islands to the west by Lapita peoples earlier in time (see Kirch 2000 ). An important difference from a voyaging perspective, however, is the far greater geographic scale of East Polynesia, and the challenge of increasingly smaller island targets (Irwin 1992) . The short chronology model also incorporates the idea of an 1800-yr pause between settlement of the western archipelagos of Fiji, Tonga, and Samoa, where colonization is securely dated to around 2900 yr ago (summarized in Kirch 2000) . The long chronology model, in turn, rests on the premise that the process of colonization was comparatively slow and sys-tematic, with island arcs forming a series of stepping stones, and colonists building cumulative knowledge about the region and its sailing conditions as they moved eastward out of Samoa-Tonga, north to Hawaii, and eventually south to New Zealand (Irwin 1992) . The short chronology model was first formally outlined in concert with a rigorous and systematic appraisal of the East Polynesian 14 C database (Spriggs and Anderson 1993) . The authors then argued that East Polynesian settlement was probably no earlier than AD 600-950. Recent redating of several presumed settlement sites (e.g. Rolett and Conte 1995; Anderson et al. 1999; Anderson and Sinoto 2002; Conte and Anderson 2003) has led to even more conservative estimates, with Anderson and Sinoto (2002) proposing that "habitation of any kind may not have begun anywhere in the region before AD 900." Most recently, Hunt and Lipo (2006) have proposed a colonization date of about AD 1200 for Rapa Nui, effectively truncating the conventional chronological sequence on that island by 300 yr.
In the context of these 2 dichotomous models (see Anderson 1995) , the southern Cook Islands play a pivotal role. In terms of distance, they are the closest islands to Samoa, 1400 km to the west; a direct voyage to the larger Society Islands, bypassing the southern Cooks, would add another 900 km to the journey. Direct archaeological evidence for human arrival in the southern Cook Islands has been dated to about AD 1000-1200 (Bellwood 1978; Allen 1994; Kirch et al. 1995) , with the Ureia site on Aitutaki Island being the most widely accepted early settlement (Spriggs and Anderson 1993) . Possible indications of earlier human activity have been found in Mangaia Island pollen cores, where dramatic declines are seen in native forest species, along with sustained increases in charcoal and altered sediment geochemistry (Kirch et al. 1992) . Initially, these disturbances were dated to AD 350 and subsequent work at additional sites raised the possibility of anthropogenic influences much earlier in time (Kirch and Ellison 1994) . While Anderson (1995) questioned the chronology of the Mangaian pollen sequence, as well as the proposed anthropogenic influences, similar vegetation patterns are seen a few hundred years later at Lake Roto, Atiu Island, at about AD 640 (Parkes 1994 (Parkes , 1997 . Parkes further argues that 3 Polynesian introductions appear at this time: sweet potato (Ipomoea batatas), ironwood (Casuarina equisetifolia), and Hibiscus tiliaceus (Parkes 1994 (Parkes , 1997 . The identification of Ipomoea batatas pollen might be debated on the grounds that extremely small numbers were obtained (Parkes 1994 ) and recent studies show that standard extraction techniques tend to destroy the pollen of this particular Ipomoea species (Haberle and Atkin 2005:29) . The other 2 taxa, however, were already suspected Polynesian introductions (Fosberg 1975; Franklin and Merlin 1992:8) , so their appearance at this time is of considerable interest.
Thus, there is a considerable gap between the direct archaeological evidence for human settlement in the southern Cooks and that from environmental proxies. Herein, we report on 14 new 14 C determinations from Ureia (AIT-10), which require a radical revision of the original age estimate for this important early site. These new findings significantly weaken the archaeological foundation of the long chronology model and demonstrate a methodological problem that has the potential to confound our understanding of a number of human dispersal processes, namely inbuilt age in tropical Pacific trees.
DESCRIPTIVE BACKGROUND
The almost-atoll of Aitutaki consists of a ~50-km 2 triangular-shaped lagoon, flanked on the west by a 16.8-km 2 mainland and on the east by a string of small coral islets (Stoddart and Gibbs 1975 ; Figure 1 ). The Ureia (AIT-10) site lies on the mainland west coast, on a narrow coastal flat of <0.5 km width, which backs up against a steep cliff. Identified as a locus of early settlement some time ago (Bellwood 1978; Allen and Steadman 1990 ), Allen's (1992 Allen's ( , 1994 intensive coring and test-ing program demonstrated later settlement areas along this coast as well (Figure 1 ). At Ureia, 3 in situ cultural strata (analytic zones C, E, and G on Figure 2 )-evidenced by artifacts, food remains, and in situ hearths, ovens, and postmolds-alternate with storm-deposited sands (analytic zones B, D, F, and H). Below Zone G, cultural materials were identified in a secondary context (Allen 1994) , where fine lenses of sterile sand alternating with charcoal-stained sediments and small artifacts indicated fluvial deposition (zones I and J1) (Allen 1998) . A small remnant of the apparent source strata for the redeposited cultural remains, designated Zone J2, was also observed in some units. Based on (Table 1) , the cultural occupation of Zone G was initially thought to date to the period cal AD 900 to 1040, as originally reported in Bellwood (1978) and Allen and Steadman (1990) . Attempts to date the basal redeposited cultural remains of Zone J had been problematic on 3 counts (Allen 1994) , 2 clarified by the new results presented herein. Beta-25246 returned an age estimate far too recent relative to other samples in the stratigraphic series, and in hindsight was probably displaced from Zone C by a large and deep pit or posthole. Beta-40759 and Beta-27439 were also younger than the oldest 2 14 C determinations of the overlying in situ layer (NZ-1252 and Beta-25250), which had been obtained from 2 separate areas, by different excavators, and processed by independent labs. Beta-25247 was of uncertain stratigraphic association, belonging to either Zone G or Zone E, cultural strata that were occasionally not well separated by the intervening sterile storm layer (Zone F). Further, interpretation of Beta-40759, a pearl-shell (Pinctada margaritifera) sample, was hindered by the lack of a locally available ∆R value and only a single regional value from the Society Islands.
In 2006, 14 previously collected wood charcoal samples were taxonomically identified and submitted for AMS (n = 13) and standard radiometric (n = 1) determinations (Table 1) , with the objective of refining the age estimate for the redeposited Zone J cultural materials. Nine samples were taken from zones G, I, and J of a single excavation unit and another 5 from these same zones in other units with good stratigraphic integrity. Although the original excavation followed natural sedimentary units, thick strata had been divided into 2 or more arbitrary levels. In the case of Zone J, this allowed sampling from several successive levels (levels 12 through 16). All of the 2006 charcoal samples were taxonomically identified and at the time none were considered to be from a particularly longlived species. Coconut (Cocos nucifera) endocarp or nutshell was preferentially selected from zones I and J in an effort to date culturally associated remains in the absence of in situ fire features within these strata. Coconut fruits (as opposed to coconut wood) also have the advantage of providing very short-lived materials, as they typically mature within a year. Two samples were split and submitted to separate 14 C laboratories for AMS determinations. All results, prior and new, have been recalibrated (see Table 1 for details).
RESULTS
The new 14 C determinations (Table 1) clarify the prior date series and support a rather different age estimate for the initial Ureia occupation. Eight new results from Zone J date the earliest cultural remains, falling within the period cal AD 1225-1430 (1 σ). These carbon samples include both coconut endocarp (n = 6) and mixed materials (n = 2). Another 6 determinations from Zone G date to the period cal AD 1220-1440 (1 σ), while prior samples from this zone recalibrate to AD 980-1460 (1 σ). Zone E is currently dated to cal AD 1220-1390 (1 σ) based on 2 samples reported in Allen (1994) , but notably Bellwood's (1978) single sample (NZ-1219) is somewhat later at cal AD 1390-1620 (1 σ). Essentially, the 14 C age ranges from all 3 cultural strata (zones J, G, and E) are quite similar, overlapping broadly at 1 σ if the single Bellwood sample from Zone E is excluded; they suggest a series of occupations on this coastal flat in rapid succession. Further, the combined stratigraphic and chronometric evidence suggests these settlements were repeatedly disrupted by coastal inundations of some magnitude, especially in the case of Zone J where the cultural stratum was almost completely reworked. The 14th century thus appears to have been a period when the coast was geomorphically unstable and aggradation was rapid; in this respect, our findings are consistent with, and refine, the earlier arguments of Allen (1998) . Most generally, regarding the chronology of human settlement in the southern Cook Islands, the cultural sequence of what was the "oldest acceptable dated" archaeological site in this group (Spriggs and Anderson 1993:209) has been truncated by nearly 300 yr. The new results also highlight an important methodological problem. While the determinations from zones E through J generally overlap at 1 standard deviation, the 14 C ages generally decrease with depth. Consideration of the wood species involved suggests that this stems from inbuilt age, specifically the use of long-lived species with heartwood that significantly predated the burning event. "Old wood" may also be a problem, a reference to taxonomic differences in preservation potential, with species that are more resistant to decay being available for cultural use over longer periods of time (Schiffer 1986 ). Widely recognized in New Zealand (e.g. McFadgen et al. 1994) and Hawaii, where some tree species can live for several centuries or more, the potential for inbuilt age has been suggested in the tropical central Pacific (e.g. Anderson and Sinoto 2002; Kirch et al. 2004) but not demonstrated.
Comparison of the new Ureia AMS determinations derived from coconut (Cocos nucifera) endocarp (n = 6) with those from longer-lived tree species (n = 8) shows that the uncalibrated 14 C ages for wood samples are, on average, 64 14 C yr older than those on coconut endocarp, with 1 sample being 149 yr older than the coconut endocarp average. Differences between the 2 group means approach statistical significance (single factor ANOVA, F value = 4.058001, p = 0.06) and are significant (F value = 118.24743, p = 0.001) if OZI-982 is excluded. Notably, all of the samples with ages exceeding 720 14 C yr derive from indigenous species including Cordia, Guettarda, Tournefortia, and Terminalia and an unidentified broad-leaf (Table 1 ). Several of these are known to live for decades (Table 2) and Cordia subcordata, which can live for more than a century (see also below), may be especially problematic. There is considerably less variability in the coconut endocarp samples (a very short-lived material). The Thespesia sample (a tree considered to be a Polynesian introduction) also falls within the coconut endocarp age range. Overall, the coconut endocarp and Thespesia samples appear to be the best estimators of the true age of the Zone J-H storm event.
The Ureia set of 25 determinations illustrate the advantages of a relatively large 14 C assemblage as well. In this example, wood samples with broad age ranges (e.g. OZI-983) and those that might have some degree of inbuilt age (e.g. WK-18403 and WK-18408) can be eliminated from consideration. With a smaller assemblage, as is the case with many East Polynesian sites, and no information on the specific taxa being dated, accurate age estimates would be difficult. The Ureia results suggest that tropical Pacific trees may overestimate the 14 C age of a given context by more than a century, and possibly up to 3 centuries if the 2 outlier determinations from Zone G (NZ-1252 and Beta-25250) relate to inbuilt age. To consider this factor further, a curated portion of NZ-1252 was obtained from Rafter Radiocarbon Laboratory in New Zealand. The sample was found to consist entirely of Cordia subcordata.
Also of note are results from 2 sets of samples from the same provenience run by separate labs (Table 1) . A fragment of coconut endocarp from Zone J was broken into 2 pieces and 1 each submitted to the Australian Nuclear Science and Technology Organisation (OZI-981) and Rafter Radiocarbon Laboratory via Waikato Radiocarbon Laboratory (WK-18407) for AMS dating. The 1-σ ranges are nearly identical. A second paired sample came from the same stratigraphic layer (Zone G) and the same excavation level within that stratum. Two separate wood fragments, both identified as Cordia, were sent to the 2 labs indicated above. In this case, however, the 1-σ age ranges do not overlap, with 1 sample (WK-18408) dating to cal AD 1270-1380 and the other (OZI-982) to cal AD 1395-1440. Given the consistency of results on coconut endocarp, this second set of results may be a further indication of the long-lived nature of Cordia subcordata and its potential for inbuilt age.
Relevant to the foregoing, Cordia subcordata is a common coastal tree in the tropical Pacific. Traditionally, it was used for house posts, canoe paddles, and a variety of other utilitarian objects (Walter and Sam 2002:150) . Perhaps most important in the present context, however, are its widely recognized excellent burning properties, which have led to its "nickname" of "kerosene wood" (Henderson and Hancock 1989; Walter and Sam 2002:150) . While little information is available on the life span of Cordia subcordata trees (as is the case with most woody tropical species), Brown (1935:242) reports that Cordia can exceed 10 m in height and trunks can be more than 250 cm in diameter. He illustrates an "exceptionally large" specimen with a crown diameter on the order of 15 m in the Marquesas Islands (Brown 1935: Plate 7C) . In the case of Ureia, it is likely that the highenergy storm that destroyed the Zone J2 settlement also uprooted and destabilized mature coastal trees, potentially including very old individuals. One explanation for our results is that materials of this kind were used for fuel by the Ureia inhabitants during the subsequent Zone G occupation.
DISCUSSION AND CONCLUSIONS

Implications for Colonization and Settlement of Aitutaki
Ureia has until now been an archaeological cornerstone in the long chronology model, which originally posited 1600 yr or more of human settlement in the southern Cook Islands (Kirch et al. 1992; Kirch and Ellison 1994) . As such, Ureia was important in 3 respects: 1) the previous cal AD 900-1040 (1 σ) age estimate for the basal in situ cultural layer placed this occupation near the temporal "boundary" of the short and long chronologies; 2) the redeposited cultural materials of Zone J provided direct evidence of an even earlier human occupation on stratigraphic grounds; and 3) the impoverished and anthropogenic biota in the lowest in situ strata suggested that this was not a colonial site, leaving open the possibility of even earlier cultural deposits elsewhere. Ironically, although it is now among the most securely dated central East Polynesian sites, the new age estimate of cal AD 1225-1430 (1 σ) places it outside the settlement period of either the long or short chronology models.
The new dates do, however, fit comfortably with the Ureia biological evidence, which suggests not a virgin landscape, but a highly a modified fauna and flora. Initial human impact on Polynesian islands was substantial and often swift (e.g. Kirch and Yen 1982; Holdaway and Jacomb 2000) . Size reductions, extirpations, and extinctions of native biota, and their replacement by introduced species, are perhaps the most unambiguous and pervasive signatures of human arrival (e.g. Anderson 1995; Steadman et al. 2002; Steadman 2006) , at least within a given catchment (see Anderson and Smith 1996; Allen 2004:186-7) . In this regard, the faunal remains from the basal zones at Ureia are telling (Table 3) . Only 3 of the 18 known native landbirds are represented here and all in small numbers (Steadman 1991; Allen 1992 ). This pattern stands in sharp contrast to purported colonization sites elsewhere (Steadman 2006) . Sea turtle, also typically well represented in early sites (Allen 2007 ), is also rare at Ureia (Table 3) . Human commensals (pig, chicken, dog, and Polynesian rat), in contrast, are present throughout the sequence (Table 3) , indicating an agricultural economy was in place and that the Pacific rat (Rattus exulans) was well established. Further, both the wood charcoal (Table 4) and land-snail assemblages (Allen 1992) point to a human-modified environment. Two food staples, coconut (Cocos nucifera) and breadfruit (Artocarpus altilis), occur in Zone G. These, along with Hibiscus tiliaceus and Thespesia populnea, are considered Polynesian introductions on independent grounds (Fosberg 1975; Franklin and Merlin 1992; Parkes 1997) . The lack of native forest species in this assemblage is also notable. Overall, the evidence indicates an anthropogenic landscape with few native species, several Polynesian plant and animal introductions, and an established aboricultural system-evidence that is entirely consistent with the revised age estimates.
The new results reported here also impact on other findings from the Ureia site. The periodic storm events of the 13th to 14th centuries, as represented in zones J1 to H, Zone F, and Zone D, may have contributed to the site being abandoned for more than a century, with resettlement (Zone C) not resuming until the 17th century AD. Climatic conditions may also have affected Aitutaki's ability to maintain contacts with communities elsewhere, both in the southern Cooks and more distantly. Allen and Johnson's (1997) geochemical study of Aitutaki's stone tool assemblages demonstrated that materials from Zone G derived from not only local stone sources, but also from quarries in Samoa, the Society Islands, and Mangaia, as well as 7 other unknown but non-local sources. These Artocarpus altilis X Cocos nucifera (woody tissue) X? Cocos nucifera (endocarp) X Cordia subcordata X Guettarda speciosa X Hibiscus tiliaceus X Pemphis acidula X Terminalia sp. X Thespesia populnea X X Tournefortia argentea X patterns of interaction are now dated to the 13th century AD, somewhat later than previously suggested. By late prehistory (Zone C), in contrast, most of the Ureia lithics were coming from Aitutaki sources, with only 3 non-local ones represented and, in at least 2 cases, the sampled materials may represent little more than re-sharpening of curated adzes (Allen and Johnson 1997:126) .
Implications for Cook Island Colonization
With respect to the timing of Cook Island colonization, 4 other archaeological sites have been considered early (Table 5) but only 2 potentially predate AD 1200: Moturakau Rockshelter (Allen 1992) , also on Aitutaki (see Figure 1) , and Tangatatau Rockshelter on Mangaia Island (Kirch et al. 1995) . Moturakau Rockshelter is dated by 12 samples of which 2, after recalibration, fall in the period cal AD 1160-1290 (1 σ) ( Table 5 ). Only one, however, derives from the basal cultural layer of this rockshelter, where a small hearth was sampled; the other came from higher up in the stratigraphic sequence. The basal layer at Moturakau contains few cultural materials and no diagnostic artifacts or distinctive fauna that support an early age estimate. Problematically, all of the Moturakau 14 C samples were wood charcoal and none were identified to species. The remaining early site of Tangatatau (Steadman and Kirch 1990; Kirch et al. 1992 Kirch et al. , 1995 is a large overhang shelter in the interior of Mangaia Island with a complex stratigraphic sequence. A robust assemblage of 23 determinations is currently available (Table 5) , 4 of which date to the period cal AD 1020-1270 (1 σ) (additional dates have been run but are not published; P Kirch, D Steadman, personal communications, 2006) . The earliest derives from the basal zone, but problematically, 3 other determinations from this zone are more recent. In contrast to Moturakau, the fauna from the basal Tangatatau strata is consistent with human entry into virgin territory, with numerous extinct or extirpated landbirds represented and few domesticates (Kirch et al. 1995; Steadman 2006) . Nevertheless, given the Ureia results and the interior forested location of this site, there is a distinct possibility that the Tangatatau samples may include materials with inbuilt age. Determinations on unambiguous short-lived materials are needed to bolster the extant early Tangatatau determinations.
In light of the foregoing, direct archaeological evidence indicates the likelihood of human populations in the southern Cook Islands at around AD 1000-1200, but on a more tenuous basis than previously supposed. a Conventional 14 C ages are adjusted for 13 C/ 12 C ratios. Details of calibration are as in Table 1 . Asterisk (*) indicates dates that the authors considered later than expected on stratigraphic grounds. All samples are standard radiometric determinations. Samples are listed in stratigraphic order, from most recent to oldest. b The Moturakau samples, all wood charcoal, are from Allen (1994) . c The Tangatatau samples are from Kirch et al. (1995) , with authors noting, "In virtually all cases, the dated material comprised a mixture of wood charcoal, and carbonized Aleurites endocarps and Pandanus drupes." d Anai'o samples, all Turbo setosus, are from Walter (1998) and calibrated using the single Society Island ∆R value of 45 ± 30. e The Ngati Tiare dates are not calibrated as they are not conventional 14 C ages, no 13 C/ 12 C ratios are available, and the 2 ANU samples were reported with an old half-life (Bellwood 1978) . (Parkes 1997) are recalibrated here to AD 610-760 (1 σ; 14 C age 1420 ± 45, presumably conventional). Recalibration of the original Lake Tiriara core from Mangaia (Kirch et al. 1992) suggests that there is a high probability that sustained forest loss postdates AD 420-540 (68.2%; 1 σ; conventional 14 C age = 1640 ± 50 BP) and predates AD 530-650 (63.1%; conventional 14 C age = 1550 ± 60 BP), pene-contemporaneous with similar changes on Atiu.
In the absence of further field studies, the timing of human arrival in the southern Kennett et al. 2006) . The available pollen records, in contrast, register similar vegetation trends on 2 islands in the period AD 550-700, and the appearance of at least 2 probable Polynesian introductions. Assuming that the 2 sequences are not unduly affected by old carbon (see Anderson 1995) , this evidence may be signalling discovery, visitation, and initial development of small-scale settlements in the southern Cook chain. The sea-level analyses of Dickinson (2003:492, 496-7) may also be relevant here, perhaps partially explaining the temporal gap between the archaeological and palynological records. Dickinson suggests that coastal areas in the Cook-Austral chain were considerably less attractive for human settlers until after AD 800, at which point "declining late Holocene sea level first carried ambient high-tide level below mid-Holocene low-tide level"-with implications for coastal stability and inshore marine resources. Sea-level fall may have thus increased island carrying capacities, which, in turn, may have stimulated both the pace of immigration and local population growth, leading to larger, more established, and archaeologically more visible settlements by the 11th to 12th centuries AD.
Implications for East Polynesia Colonization and Dispersal
The implications of our findings for East Polynesia at large are more methodological than substantive. Most importantly, the Ureia analysis calls into question small 14 C assemblages. With only 3 determinations for the site as a whole, Bellwood (1978) assigned the lowest in situ occupation to the 11th century AD. A larger assemblage of 9 samples gave Allen and Steadman (1990) a less tidy sequence but one that nevertheless passed the test of "chronometric hygiene" (Spriggs and Anderson 1993) . Only with another 2 samples (Allen 1994 ) did inexplicable inconsistencies begin to emerge. With the inclusion an additional 14 samples, it is now possible to both identify and explain outliers. Several of the latter have been shown to be indigenous trees, with determinations on Cordia subcordata being particularly problematic.
Inbuilt age biases also have relevance for the short chronology model and our understanding of other post-colonization processes. Despite the well-known problems (e.g. Spriggs and Anderson 1993; McFadgen et al. 1994; Anderson 1995) , determinations on unidentified materials are commonplace in East Polynesia (but see approach of Kirch et al. 2004) , inhibiting objective evaluation of outliers and divergent results. Most problematically, potentially valid early determinations may be dismissed as the result of inbuilt age, providing spurious support to the short chronology model. Further, com-parisons of taxonomically identified assemblages with those that are not may suggest contemporaneity where in fact there is none.
Fine-grained chronologies are critical to define the speed, character, and underlying causes of population movements (specific events versus gradual processes), as well as the timing of post-settlement processes such as differentiation in material culture, architecture, languages, etc. Chronometric differences on the order of a century of more, as suggested by comparison of the long-and shortlived species represented at Ureia, are not inconsequential in the context of a regional chronology that could be as brief as 800 yr. Inbuilt age and old wood may also skew our understanding of later developments, particularly dispersal of human populations into interior forested areas in conjunction with agricultural expansion, inland settlement, and refuge in response to competition.
CONCLUSIONS
The corpus of new 14 C determinations from the coastal site of Ureia, Aitutaki Island, presents challenges for both the short and long chronology models of East Polynesian settlement and our understanding of the attendant colonizing behaviors (see Anderson 1995) . The revised age estimate of about AD 1225-1430 places this site outside (i.e. it is younger than) the settlement period of either model, a finding that is consistent with the associated archaeo-flora and -fauna, but one that weakens the evidential basis for the long chronology model, at least in the southern Cook Islands. At the same time, the demonstration that Cordia subcordata, a common firewood, is most likely a long-lived species (and there may be others) raises questions about the interpretation of unidentified 14 C samples from other sites, and their potential to distort our understanding of the process and character of colonization.
Unfortunately, more than a decade on from Spriggs and Anderson's (1993) landmark paper, if we were to limit the East Polynesian 14 C database to samples where taxonomic identity was known, and inbuilt age biases could be discounted with certainty, it would be uncomfortably small. Does the East Polynesian record represent a very large pulse of colonists out of West Polynesia, with rapid dispersal on an unprecedented geographic scale to the region's furthest margins? Or have dynamic shorelines in key localities (e.g. southern Cooks and Society Islands), low visibility aceramic occupation records, and insufficient field studies "obscured" earlier signatures of human arrival and a more gradual process of exploration and colonization? In discerning between these 2 contrastive models, it is critical that the potential biases of inbuilt age neither be overlooked when present nor assumed when lacking. Without taxonomic identifications, samples that potentially provide valid support for the long chronology can easily be dismissed as being "too old" based on an assumption of inbuilt age, when in fact they are not. Similarly, unidentified samples from the East Polynesian margins may suggest settlement contemporaneous with that of central archipelagos (and a blitzkrieg-like settlement process), when in fact they suffer from undetected inbuilt age effects.
On a more practical level, our findings provide further support for previous recommendations to: 1) identify all 14 C samples as to taxon; and 2) to preferentially date demonstrably short-lived materials such as coconut, Canarium, and Aleurites nutshells, Pandanus drupes, or branch wood. Further, if only trunk or indeterminate wood charcoal is available, Polynesian introductions should be favored over indigenous forest species, as they are less likely to include exceptionally old individuals and at least the possibility that they predate human arrival can be discounted. Finally, with respect to field collecting strategies, we note that large bulk samples not only increase the possibility of recovering short-lived species, but also provide a better basis for making accurate taxonomic determinations on any given charcoal fragment, which can be particularly important for AMS dating.
